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[bookmark: OLE_LINK16]Abstract: Play behavior is a significant trait of immature nonhuman primates (hereafter primates), which may play important roles in sensory, locomotor, socio-cognitive, and developmental processes in primates. It has been suggested that function of play is to practice and improve motor skills related to foraging, avoiding predation, attracting mates, raising offspring, and also is to strength social skills concerning to cementing friendly relationships and defraying aggression among individuals. From September 2009 to August 2010, we investigated play behaviors of 1-12-month-old white-headed langur (Trachypithecus leucocephalus) which is a critically endangered primate endemic to China. During this study, we recorded 4,421 play bouts and 1,302 minutes of play time of 7 infants in total. We found that infants had different play behavior patterns at different ages. Specifically, non-social play behaviors appeared at 1 month of age, social play behaviors at 2 months, and all types of social and non-social play behaviors at 3 months. The frequency and duration of non-social play peaked at 5 months and then decreased, while social play appeared at 2 months and gradually increased with age. Non-social play did not differ between the sexes, whereas social play showed sex specificity, with higher frequency and duration of social play in male infants than in female infants. In addition, male and female white-headed langur infants appeared to prefer the individuals of same sex as social playmates. In conclusion, we first reported the pattern of play behavior of a critically endangered langur aged 1 to 12 months though the sample size is small, our results suggest they may have the adaptation of play behaviors in ages and sexes, which may help them adapt to their habitat and social system.
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1. Introduction
Play behavior is repeated, seemingly non-functional behavior differing from more adaptive versions structurally, contextually, or developmentally, and initiated when the animal is in a relaxed, unstimulating, or low stress setting (Burghardt, 2014). It may be a significant and crucial behavior in the development of individuals for nonhuman primates (hereafter primates) (Perret, 2020). Based on the number of individuals involved, play behavior generally takes two forms: non-social play and social play (Burghardt, 2014; Maestripieri & Ross, 2004). Non-social play refers to spontaneous play activities in immature animals that occur without social interaction. Non-social play behavior may be able to improve animals’ survival skills and the acquisition of new behavioral patterns (Berghänel et al., 2015). Whereas social play is defined as playful interactions involving two or more individuals that influence each other by their behavior, which may be beneficial to establishing and maintaining social relationships (Gennuso et al., 2018). Studies have shown that play behaviors may play important roles in sensory, locomotor, socio-cognitive, and developmental processes (Maestripieri & Ross, 2004; Fagen, 1981)and it also act as a buffer to deal with excessive social pressure and can facilitate the establishment and enforcement of social relationships or alliances with different individuals, which may be useful in obtaining greater access to food resources and breeding opportunities in the future (Li et al., 2011; Li et al., 2013; Jiang, 2010; Schneider et al., 2010; Karimullah et al., 2014; Lutz & Judge, 2017; Palagi, 2018). Primates often use play behaviors to develop unique skills and behaviors when they are challenged by specific social-ecological environments (Maestripieri & Ross, 2004). Specially, male and female individuals face different social selective stresses even within the same groups due to differentiation in social roles. Thus, non-social and social play behaviors have different patterns and are regarded as adaptive traits (Gennuso et al., 2018; Yuan et al., 2014; Palagi et al., 2004).
On the one hand, it has been reported that play behavior patterns are influenced by ages due to physical development in primates (Palagi et al., 2006; Shimada, 2006; Byers & Walker, 1995). For example, golden snub-nosed monkeys (Rhinopithecus roxellana) mainly perform non-social play behaviors such as tree climbing and grasping at 0-2 months of age, and showed significantly increased social play behaviors after 4 months of age (Li et al., 2011). In contrast, black-and-white snub-nosed monkeys (Rhinopithecus bieti) demonstrated social play behaviors late in the first month of age, and these became more frequent in the second month, and completely replaced non-social play in the third month (Li et al., 2013).
On the other hand, studies have shown that play behaviors reveal sex differences among individuals (Fagen, 1993; Barrett et al., 1992; Maestripieri et al., 2004). For example, male infant and juvenile gorillas (Gorilla gorilla) show a higher frequency of social play than females (Maestripieri et al., 2004). Similar results are reported in male infant Francois's langurs (Trachypithecus francoisi) and tufted capuchin monkeys (Cebus apella) (Li et al., 2013; Paukner & Suomi, 2008). However, there is no significant difference in the frequency of social play between male and female juvenile of Tibetan macaques (Macaca thibetana) (Wang, 2021), and even a higher frequency of social play in female than male infant was observed in red colobus monkeys (Colobus badius) (Starin, 1990). In addition, play behavior is structurally similar across different species, however play partners may be vary with species (Bekoff, 2001). Primates with marked sexual dimorphism show significant sex differences in playmate selection of social play behavior. To adapt to sex-specific pressures, juveniles may spend more time playing with individuals who are likely to be involved in long-term future relationships. Playmates for social play can also be sex-specific (Schneider et al., 2010; Shimada & Sueur, 2018; Nicola & David, 1995). For example, infant male T. francoisi have been found to prefer to play with male peers (Li et al., 2013). Similar findings have been reported in captive Assamese macaques (Macaca assamensis) and Japanese macaques (Macaca fuscata) (Jiang et al., 2010; Glick et al., 1986).
The white-headed langur (Trachypithecus leucocephalus) is a critically endangered primate endemic to China. Currently, they are distributed exclusively on a karst mountain area approximately 200 km2 in size between the Zuojiang and Mingjiang rivers in Guangxi Province, China. The population is approximately 1200 individuals in total (Huang et al., 2021). White-headed langurs live in a typical polygynous, matrilineal social system (Liu et al., 2013). Adult females are the stable core members of a group, and males leave their natal group when they are about 3 years old. Adult males compete fiercely for reproductive opportunities (Jiang et al., 2010; Jin et al., 2009). Infants are born throughout the year but births peak from November to March (Zhao et al., 2011). Many studies have shown sex differences in the foraging, grooming, and infant care behaviors of white-headed langurs. For instance, adult males spend more time foraging and adult females groom more frequently. Males and females have distinct responsibilities in nursing although adult males are not directly involved in infant care activities (Zhao et al., 2011; Lu et al., 2016; Huang & Li, 2005; Zhang et al., 2021). However, little is known about the patterns of play in infant white-headed langurs because observations are limited by difficulties in individual identification and field observation conditions. In this study, we present the pattern of play behaviors in wild white-headed langurs aged 1-12 months. We investigated the effect infant age and sex on play patterns. Given that physical development at different ages, thus we predicted that there would be significant differences in play behavior of infants at different ages. Given the matrilineal social system and the territoriality of white-headed langurs, infant males will face intense male-male competition in the future, while females are more engaged in maintaining social relationships with closely related females (Zhao et al., 2011; Jin et al., 2009), thus we predicted play patterns will differ between male and female infants, with males expected to perform social behaviors, such as chasing and fighting play, more than females, and male and female infants might prefer to play with infants of the same sex.
2. Methods
2.1. Study site and subjects
[bookmark: OLE_LINK23]The study site is in the white-headed langur national nature reserve (22°27′N, 107°52′E). This study area is characterized by seasonal limestone rainforests, and is a highly fragmentation (Huang & Li, 2005). The forests are dominated by tree families such as Euphorbiaceae, Sterculiaceae, Opiliaceae, Meliaceae, Moraceae, Caprifoliaceae, Rhamnaceae, Annonaceae, Urticaceae, Rutaceae, Lauraceae, and Sapindaceae (Zhang et al., 2021). This area has a tropical monsoon climate of the Northern Hemisphere. Its dry season ranges from October to March and rainy season is from April to September (Zhang et al., 2021). The average annual temperature is 21.6°C, the mean annual maximum temperature is 33.3°C in July, and the mean annual minimum temperature is 10.0°C in January. The mean annual precipitation is about 1200 mm, with a maximum value of 234 mm in August and a minimum value of 25 mm in December (Zhang et al., 2021; Huang et al., 2006). Seven newborn infants (three males and four females) from a group of wild white-headed langurs were observed, which were habituated to the presence of humans. All infants we studied can be individually identified from their sex, body size, facial features, and coat color and so on (Table 1).
2.2. Classification and definition of play behaviors
Non-social and social play behaviors were defined based on a study by Fagen (1981). Non-social play behaviors include locomotor play and object play (Fagen, 1981). Locomotor play is defined as physical activities such as climbing and jumping when infants are playing alone. Object play refers to the repeated manipulation of environmental objects including branches, leaves, and stones as well as their mothers’ fur.
Social play mainly includes chasing play and fighting play (Fagen, 1981; Maestripieri & Ross, 2004). In chasing play, two or more individuals chase each other for a short distance. Typically, one individual runs a distance and then stops and looks at the other one, and the latter gives chase immediately. In fighting play, two or more individuals play by catching or biting hold of each other. During catching play, both players stand on their hind limbs at a distance where they can touch each other, with their front limbs reaching out quickly in an attempt to grasp some part of the body of each other. During biting play, an individual grasps and bites the shoulder or head of the other individual.
2.3. Data collection
[bookmark: OLE_LINK18]The play behaviors of infant white-headed langurs were observed from September 2009 to August 2010. We used the 10 min focal animal sampling method to record play behaviors of white-headed langurs. We counted bouts as different acts of play whenever the play behavior or play partner changed. When more than two individuals were playing with each other, the actions were considered as two or more play bouts (Barrett et al., 1992; Jiang et al., 2010). When there were three individuals play together, it would have two play bouts for each individual. We numbered each infant and selected the closest infant who is easy to be observed for data collection. When we finished a 10-minutes sampling period, we chose the next closest individual among the remaining infants to record play behaviors. We used this rule to collect play behavior data for all infants as equally as possible. If the monkeys hid in the bushes due to high temperature, heavy rain, or predators, the observation was terminated.
2.4. Data analysis
[bookmark: OLE_LINK12]Because the duration and the frequency of observation periods varied across individuals, we collected the relative monthly play frequency and duration for each individual. Firstly, we calculated the total monthly play duration and play frequency of each individual, then divided by the total monthly observation time of each individual, and got the relative play frequency and duration for each individual. The mean relative play frequency and duration for individuals of the same age was calculated by the total play frequency and duration for individuals of the same age divided by the number of individuals with the same age.
After assessing the data for normality, the data did not conform to a normal distribution (duration: P < 0.001; frequency: P = 0.012). First, we used Kruskal-Wallis H test to analyze the differences in relative frequency and duration of non-social and social play behaviors at different month-ages. Then, we used the same method to analyze the differences in frequency and duration of play behaviors of 1-12 months old individuals. According to the tendency of 1-3 and 4-12 months old were different, these two parts were also analyzed separately. Third, we used a linear mixed model to compare the differences in the relative frequency and duration of play behaviors across different ages and sexes, the fixed effects were age and sex and a random intercept was included for individual ID and play types. We also presented our observations to show the differences in the relative frequency and duration of play behaviors across different ages and sexes. In addition, we did not undertake statistical testing for sex differences in selected playmates between male and female individuals due to the small sample size (3 males and 4 males), but have simply presented our observations. All statistical analyses were performed in R 3.6.1, and statistical significance was set at P < 0.05 with two-tailed.
3. Results
[bookmark: OLE_LINK14]3.1. Changes in play behaviors across different ages
During this study, our total observation time was 4088 mins, the proportion of time spent on play was 33.6%. We recorded 4,421 play bouts (mean ± SD = 632 ± 178, range: 334-1001) and 1,302 minutes of play time (mean = 186 ± 72, range: 88-325) in total. Non-social and social play accounted for 56.7% and 43.3% of play bouts, respectively, of which 44.5% involved locomotor play, 12.6% object play, 17.9% chasing play, and 25.4% fighting play. Non-social and social play accounted for 55.1% and 44.9% of play time, respectively, of which 34.5% involved locomotor play, 20.5% object play, 18.8% chasing play, and 26.1% fighting play. We found significant differences in the frequency and duration of play behaviors among 1-12 months old infant white-headed langurs (frequency: 2 = 43.274, df = 11, P < 0.001; duration: 2 = 36.506, df = 11, P < 0.001). Overall, both frequency and duration of play behaviors increased with age. However, play behavior showed no significant differences in frequency or duration after 4 months of age (frequency: 2 = 5.0273, df = 8, P = 0.7547; duration: 2 = 5.089, df = 8, P = 0.553) but showed differences in frequency or duration during 1-3 months (2 = 15.089, df = 2, P < 0.001; duration:  2 = 13.000, df = 2, P = 0.001) (Fig. 1a, b). There were significant differences in the frequency and duration of non-social and social play behaviors across different ages (Fig. 1c, d; Appendix 1: Table 3). The frequency and duration of non-social play peaked at 5 months old (frequency: 32 ± 6 times; duration: 591 ± 174 s) and then decreased as age increased. Social play behaviors appeared at 2 months of age and gradually increased within 12 months. Both of the frequency and duration of social and non-social play showed a significant negative correlation from 4 months to 12 months old (t = −4.164, P < 0.001, N = 7), indicating that infant white-headed langurs increased their social play but decreased non-social play after they were 4 months old.
[bookmark: OLE_LINK13]3.2. Sex differences in the play behaviors
At 1-12 months of age, we observed that the frequency and duration of locomotor and object play did not differ between the sexes (Fig. 2e, f, g, and h; Appendix 1: Tables 4 and 5). However, we observed sex-specific differences in chasing and fighting play (Fig. 2i, j, k, and l; Appendix 1: Tables 4 and 5). The frequency and duration of chasing and fighting play increased with age for both sexes (Fig. 2i, j, k, and l). After 3 months old, male infants especially showed a higher frequency and duration of chasing and fighting play than females (Fig. 2i, j, k, and l).
3.3. Selection of social playmates
Overall, we observed that infant white-headed langurs aged 1-12 months displayed sex preference in social playmates. Male infants preferred other male infants as social playmates and female infants tended to select other female infants as social playmates (Table 2).
4. Discussion
[bookmark: OLE_LINK7]Here, we first reported the pattern of the play behavior in wild white-headed langurs aged 1 to 12 months. We found that individuals had different play behavior patterns at different ages. Non-social play behaviors appeared at 1 month of age, social play behaviors at 2 months, and all types of social and non-social play behaviors at 3 months. The frequency and duration of non-social play peaked at 5 months and then decreased, while social play appeared at 2 months and gradually increased with age. Non-social play showed no differences between the sexes, whereas social play showed sex specificity, with higher frequency and duration of social play in male infants than in female infants. In addition, both male and female white-headed langur infants tended to prefer the individuals of same sex as social playmate.
In some primates, the first break from mother to infant contact occurs when the infant is 4-6 months of age (Maestripieri & Ross, 2004; Goodall, 1968). Their mothers tend to enforce increasing independence once infants are able to forage (Li et al., 2005), which help infants to learn and practice survival skills and establish social relationships (Worch, 2012; Zhao et al., 2008; Li & Rogers, 2004). As for white-headed langurs, the maternal rejection behavior occurred when infants were 1 month old (Zhao et al., 2008; Li & Rogers, 2004). In theory, maternal rejection may promote the independence of infant monkeys (Nowell & Fletcher, 2007). This suggests that mothers may encourage them to play and forage independently in 1 month old (Nicolson, 1987), which is consistent with the appearance of non-social play at 1 month old, while the social play appear at 2 months old. Similar results have been reported in wild R. roxellana that started to forage independently at 2 months of age and played with other individuals at 4 months of age. Consequently, non-social play increased significantly at 2 months of age while social play increased markedly at 4 months of age in wild R. roxellana (Li et al., 2011).
Our study showed non-social play consists of a significant proportion in the play time of infant white-headed langurs aged 1-5 months. Previous studies have shown that many infant primates spend a large amount of time in non-social play, which may improve individuals’ survival skills such as foraging. For instance, infant T. francoisi spent 38.2% of time in locomotor play and 28.4% in object play (Li et al., 2013), while locomotor play accounted for 64.9% of the play time in infant Macaca assamensis (Jiang et al., 2010). At an early age, infant white-headed langurs spend a large amount of time climbing, jumping, and grasping branches, which may be suitable to the steep cliffs of their karst mountain habitat (Li et al., 2011; Zhou et al., 2011). That would be benefit for gaining the energy required from plants on the mountain (Zhou et al., 2011).
The social play of infant white-headed langurs increased from the age of 2 months, which may help individuals to build social relationships and practice some important skills. The infants of M. thibetana showed a similar increase in social play, which peaked at 12 months of age (Starin, 1990). Interestingly, the overall play time of infant white-headed langurs remained relatively stable after 4 months of age, with increasing social play and decreasing non-social play. This result could suggest that they may spend more time on improving social skills after 5 months of age and building stable social relationship which would be vital process for those group-living species. In addition, this may indicate trade-off faced by infant white-headed langurs which need to balance the energy costs of play behaviors with the energy gains derived from foraging (Li et al., 2013; Strier, 2018).
The sexual difference allows males and females to serve different social functions, prompting infants to practice specific skills that will be needed in their social roles as adults (Nikolei & Borries, 1997; Holekamp, 1984; Mancini & Palagi, 2009). As a result, the pattern of social play behaviors usually differs between male and female infants (Nikolei & Borries, 1997). Typically, chasing and fighting play may help infants to improve anti-predation and fighting skills and allow them to establish social relationships that would help the individuals to respond to future challenges such as obtaining reproduction opportunities (Holekamp, 1984; Mancini & Palagi, 2009). Infant white-headed langurs appeared to exhibit sex-specific social play behaviors. The frequency and duration of social play were higher in male infants than female infants. According to the polygynous matrilineal social system of white-headed langurs, adult males should provide more food resources and larger territories for their groups. By contrast, females are primarily responsible for nurturing infants and are rarely involved in territory defense (Jin, 2008; Zhou et al., 2006). For white-headed langurs, adult males must rely on their ability to defend against invaders and protect family members. Males face great selective pressure related to reproduction, and they must practice various skills at an early age (Zhao et al., 2011). This ability may be largely conferred by fighting play as infants, which explains why infant males devoted more time to social play than females. The social system of T. francoisi is similar to white-headed langurs, its infant males also showed higher frequency of social play than females (Li et al., 2013; Zhou et al., 2006). Similar results were observed in Pan troglodytes and M. thibetana (Palagi, 2004; Starin, 1990), which may facilitate the establishment of social relationships among males and the successful integration of males into new groups (Zhou et al., 2007; French, 1981).
Social relationships during adult periods can affect potentially playmates selection for infants (Zhou et al., 2011; French, 1981; Mancini, & Palagi, 2009; Perret, 2020; Imakawa, 1990). We found that both male and female infants of white-headed langurs preferred to play with the same sex playmates of themselves. To be specific, male white-headed langur infants preferred to play with male infants, probably because of their similar body size and strength. Moreover, males are more highly skilled players than females, because they must practice their fighting skills which would prepare for future. Males mostly compete but sometimes cooperate with other males, and this has a significant impact on reproductive successes (Owens, 1975; Byrne, & Suomi, 1998; Wang et al., 2020; Xiang et al., 2014). White-headed langurs live in a typical polygynous and matrilineal social system, with adult females as stable core members and males dispersing among groups (Zhao et al., 2011; Tao et al., 2010). Compared with the migrating males, females have closer genetic relationship and maintain a compact social structure based on kinships (Tao et al., 2010). This may be why female infant white-headed langurs tend to play with other female infants. In many primates (e.g., P. troglodytes, G. gorilla, M. assamensis, R. roxellana), infant males prefer to play with males while infant females prefer to females (Li et al., 2011; Maestripieri & Ross, 2004; Palagi, 2004; Starin, 1990). However, infant female T. francoisi tended to select male partners in captivity, probably because the captive environment limits the choice opportunities for playmates (Li et al., 2013).
In conclusion, we provided the first study of the play behaviors of wild white-headed langurs aged 1-12 months in a karst habitat though a small sample size. The play behaviors of white-headed langurs developed at different rates during 1-12 months of age, with rapid development of play behaviors in the first 3 months. Non-social play did not differ between the sexes, whereas social play showed sex specificity, with higher frequency and duration of social play in male infants than in female infants. Both male and female white-headed langur infants displayed a sex-specific pattern for playmate choice. Our results suggest they may have the adaptation of play behaviors in ages and sexes, which may help them adapt to their habitat and social system. In the future, a larger sample size and dataset should be needed to address the scientific question concerning evolution of play social in this critically endangered langur.

Data Accessibility
-Play behavior data: Dryad doi:10.5061/dryad.tmpg4f50t.
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